Objective: The populations of Kuwait and other Arabian Gulf States are very heterogeneous. Expatriates with different dietary habits constitute approximately 60% of the Kuwaiti population. The aim of this study was to establish a reference range of trace element levels in the serum of the normal population in Kuwait. Method: A total of 379 healthy males (n = 262) and females (n = 117) of various nationalities living in the State of Kuwait were studied. The serum concentrations of zinc (Zn), copper (Cu) and selenium (Se) were measured and the copper/zinc (Cu/Zn) ratio was calculated. Results: The study established the serum Zn, Cu and Se levels in the studied population. The results showed that there was no significant difference in the serum levels of these elements among the different nationalities tested. A significantly higher serum Cu level and Cu/Zn ratio were seen in females. Conclusion: These findings can form the basis and reference for any future studies on trace elements in different pathologic conditions in the Arabian Gulf region.
Introduction
The importance of trace elements such as zinc (Zn), copper (Cu) and selenium (Se) in health and disease have not been seriously considered until recently. Zinc plays an im-portant role in immunity, wound healing, growth, reproduction, and metabolism of proteins and carbohydrates [1, 2] . Zinc deficiency was shown to predispose to various infections and also cause growth retardation [3, 4] . Zinc forms an integral part of more than 300 enzymes including alkaline phosphatase, glutamic acid dehydrogenase, carboxypeptidase and RNA polymerase [5] . The majority of plasma Zn is bound to albumin [6] . Ceruloplasmin and macroglobulin also appear to exhibit great affinity for plasma Zn [6] .
Copper is a component of ceruloplasmin, ferroxidase II, lysyl oxidase, monoamine oxidase, Zn-Cu superoxide dismutase, tyrosinase, dopamine ß-hydroxylase and cytochrome c oxidase [7] . Copper is important for erythropoiesis, leukopoiesis, bone mineralization, elastin and collagen cross-linking, oxidative phosphorylation, catecholamine metabolism, melanin formation and antioxidant protection of cells [7] [8] [9] . Copper is mainly bound to ceruloplasmin (90%), only 5-10% is loosely bound to albumin and other amino acids like histidine, threonine and glutamine [10] . In erythrocytes, the major portion of Cu is present within the enzyme superoxide dismutase, which is also present in the liver and brain [11] . Copper is involved in the synthesis of hemoglobin, formation of collagen, skeletal development, pigment formation, maintenance of the myelin sheath and function of the immune system [12, 13] .
Oxidative stress can result from deficiency of trace elements such as Zn, Cu and Se. Zinc is involved in stabilizing the cell membrane and prevents oxidative destruction by free radicals [14] . Selenium is an essential trace element for humans; it is a component of the enzyme glutathione peroxidase [15, 16] . It exerts its protective effect [17] against oxidative damage by decreasing the amount of free radicals and increasing the synthesis of glutathione peroxidase. This enzyme along with other cellular antioxidants such as vitamin E, catalase and superoxide dismutase [18] has the ability to protect biomembranes from oxidative destruction. Thus it is possible that deficiencies of these elements may contribute to the development and progression of certain diseases. It has also been reported that Se increases the growth of human fibroblasts in culture [19] .
Thus establishing the normal range of trace element levels in the sera of healthy individuals in a geographical area is of value to form a reference range for further studies in the region.
Materials and Methods
Blood samples were collected from 379 disease-free individuals living in the central part of Kuwait. Seventy-five percent of these individuals were people accompanying patients to Bayan Clinic (polyclinic) and the remaining 25% were from the staff of Kuwait University. Informed consent from volunteers was taken prior to blood collection. In the female volunteers, it was ascertained that they were not pregnant at the time of blood sampling. However, no information was collected from the females with respect to the usage of oral contraceptives or any other hormonal preparation. Approximately 10 ml of venous blood was collected from each individual in special metal-free glass tubes free of anticoagulant, using the standard venipuncture technique (vacutainer trace element tubes with royal blue rubber stopper, Becton-Dickinson Vacutainer System). The blood samples were allowed to clot and then centrifuged for 15 min at 2,500 rpm. The serum was separated into metal-free plastic tubes and stored at -20°C until analysis.
Zinc and Cu concentrations were estimated in the samples using flame atomic absorption spectrophotometry (AAS). The samples were diluted (1:10) with deionized, double-distilled water. Standards (prepared in deionized, double-distilled water) were run in the range of 0.1-0.5 ppm and 0.05-0.2 ppm for Cu and Zn, respectively. The calibration graph was plotted using the concentration method.
Selenium was estimated in the samples by the same technique described above using graphite furnace coupled with a background corrector. Samples were di-luted 1:5 in double-distilled deionized water. Selenium standards were prepared in 1% hydrochloric acid (HCl) and were run in the range of 30-90 ppb. A modifier (20 mg citric acid in 2 ml Pd of 500 ppm concentration) was used for the analysis of serum Se. The calibration graph was plotted using the standard addition method so as to eliminate the effect of the matrix, if any.
Trace element stock standards (concentration 1,000 ppm) were obtained from Fluka Chemika, Switzerland. Trace elements were assayed by AAS (Varian model, spectra AA300+ 400, Australia); Cu and Zn were assayed by flame AAS, whereas Se was assayed by graphite tube atomizer (GTA-96). The data on trace elements were analyzed by means of one-way ANOVA for multiple comparisons (Stat-View 4.02 statistics package using Macintosh Centries 650 Computer). The data are expressed as the mean B SEM. The results were considered significant if p ! 0.05. fig. 1 ). The ages of the resident nationalities used in this study were comparable.
Results

Serum
The mean (B SEM) levels of Cu (mg/l), Zn (mg/l) and Se (Ìg/l) in this population (n = 379) were 1.48 (B0.02), 1.03 (B0.01) and 88.3 (B1.02), respectively. Analysis and comparison of the data among the nationalities in the study groups (table 1) showed that, in general, there were no significant differences in the serum levels of Cu, Zn and Se among the four nationalities tested. However, there were some gender differences. Females in the Indian and Kuwaiti group had significantly lower Cu when compared to Egyptians (p ! 0.01). Furthermore, the Cu levels of the Kuwaiti females were also significantly lower when compared to those of the Lebanese group. Serum Zn was comparable among the groups except for the Lebanese females, who had a significantly higher Zn concentration in comparison to the females of all the other nationalities (p ! 0.02). Serum Se levels were not significantly different in all the groups. The Indian females, however, showed slightly higher serum Se levels. This increase was significant when compared to the females in the Egyptian group (p ! 0.037).
Females in all the nationalities investigated had significantly higher serum Cu concentrations in comparison to males ( fig. 2 ) and this was reflected by a significantly increased Cu/Zn ratio in the females (fig. 4) . This tendency was not observed with serum Zn and Se levels in the four nationalities tested ( fig. 3, 5 ). 
Discussion
The role of essential trace elements in health and disease has been largely ignored until recent years. The lack of characteristic signs and symptoms is the main reason for not detecting such deficiencies at an early stage. It was not until 1957 when the importance of major essential trace elements was identified [20] . In 1961, Zn deficiency was first suspected in humans in the Middle East [21] and later was shown to occur in other parts of the world. Zinc is necessary for the growth and multiplication of cells and is responsible for DNA and RNA synthesis [22] . It is also required for wound healing and skin integrity, as it has a role in the synthesis of proteins such as collagen [5] . This element is also essential for activation of macrophages, polynuclear cells and T lymphocytes and thus has an important role in anti-inflammatory action in maintaining the integrity of the immune system [23] .
Many conditions including cancer and hepatic diseases affect serum Zn, Cu and Se levels [24] [25] [26] [27] [28] [29] . Many studies have reported that serum Zn levels are decreased in some types of malignancies [24] . Elevations in serum Cu have been reported in some types of neoplasms [30] , and hence determination of the serum Cu/Zn ratio has been recommended as a prognostic aid [31] . Furthermore, normal physiologic conditions such as pregnancy are also accompanied with changes in the serum level of Zn and Cu [32] .
Trace elements are important for the protection against free radical-induced tissue damage. Oxygen-derived free radicals have been implicated in the etiology of cardiovascular diseases, inflammatory conditions, autoimmune disorders and cancer [33] [34] [35] [36] [37] .
Like in all the Arabian Gulf States, the population of Kuwait is very heterogenous. Sixty percent are expatriates from different countries with different dietary habits. The reported normal levels from the West may not apply to this area. In this study, we measured the serum levels of the essential trace elements Zn, Cu and Se in a cross section of the adults resident in Kuwait. Normal serum levels of these elements were established. No significant differences were observed in the serum level of Cu, Zn and Se among the four nationalities studied, despite their diverse dietary habits. This conforms with earlier studies performed on different ethnic groups in the US army [38] . This study showed that normally the level of serum Cu in females was higher than that of males, while there was little gender difference in serum Zn levels [38] . It has long been recognized that plasma Cu and ceruloplasmin are higher in women than in men. These differences have been attributed to the effect of female hormones on the metabolism of Cu, due to the fact that indices of Cu status such as plasma Cu and ceruloplasmin tend to be elevated with the use of oral contraceptives and in pregnancy [39] [40] [41] . In our female healthy volunteers, there was no information regarding the usage of oral contraceptives, which perhaps contributed to the increased level of serum copper. A study from Germany reported mean serum values of Cu (mg/l), Zn (mg/l) and Se (Ìg/l) in adults to be 1.048, 1.079 and 63.2, respectively [42] . This study, however, did not report gender differences in serum Cu concentrations. The mean values of serum Cu and Se were considerably lower in the German study than in ours.
Studies of Se levels in a healthy Spanish population showed a mean value of 80.7 Ìg/l, which is quite close to that of our study [43] . On the other hand, higher mean serum Se values (122 Ìg/l) were reported in a population from Singapore [44] . The serum Zn levels in our study were very similar to those reported by Martin-Lagos et al. [45] , where the mean concentration of serum Zn was 0.951 mg/l.
The data in our study show a significantly higher serum Zn in Lebanese females when compared to that of all other nationalities. The Egyptian females showed a lower Se than Indian females. These observations, however, need to be confirmed in a larger group of Lebanese and Egyptian females, as the present sample size is small.
The data in this study establish the normal values of Cu, Zn and Se in the serum of a cross section of adult residents in Kuwait. The serum levels of these trace elements were not significantly different among the various groups residing in Kuwait. A gender difference was found, showing higher serum Cu and Cu/Zn ratio in females. These results form the basis for larger clinical investigations in the field of trace elements in Kuwait and other countries of the Gulf region.
